One hundred and twenty five soil samples were collected from the regions of roots of corn, cassava, potato, bean, sugar cane, soya, and pumpkin. From these, 75 
INTRODUCTION
Cyclodextrin glycosyltranferase (CGTase EC 2.4.1.19) is a bacterial enzyme that converts starch and other 1,4-linked α-glucans to cyclodextrins (closed-ring structures composed mainly of 6, 7 and 8 glucosyl units, named α, β and γ-cyclodextrin, respectively) (French, 1957; Thoma and Stewart, 1965) . Cyclodextrins have the ability to form inclusion complexes with organic and inorganic compounds, which have numerous applications in the food and pharmaceutical industries (Pszczola, 1988) . Various CGTases have been purified by starch adsorption, precipitation with ammonium sulfate, ion exchange chromatography, etc (Ferrarotti et al., 1996; Salva et al., 1997; Matioli, et al., 1998; Akimaru et al., 1991) . We have now isolated new strains of CGTaseproducing soil bacteria with high enzyme activity, and studied some of the characteristics of the partially purified enzyme.
MATERIAL AND METHODS
Microorganisms: Samples of soil (125) collected in the vicinity of roots of corn, cassava, potato, bean, sugar cane, soya, and pumpkin. These were analyzed, in order to isolate strains of alkalophilic CGTase-producing bacteria. Seventy-five strains of the bacteria were isolated as follows: samples of 1 g of soil were suspended in 10 ml of sterile distilled water. After soil sedimentation, 0.1 ml of the supernatant was spread on the surface of a plate containing soluble starch 2%, peptone 0.5%, yeast extract 0.5%, MgSO 4 .7H 2 O 0.02%, K 2 HPO 4 0.1%, phenolphthalein 0.03%, methyl orange 0.01%, and agar 1.5% at pH 10.5. The plates were incubated at 37 °C (24-72 h) and the colonies that were surrounded by a yellowish halo (Salva et al., 1997) , were selected for further examination. CGTase activity was assayed as follows: the bacteria were grown for 6 days at 28 °C and 120 rpm in a New Brunswick rotatory shaker in a sterilized culture medium containing 2% soluble starch, 0.5% peptone, 0.5% yeast extract, 0.02% MgSO 4 .7H 2 O, 0.1% K 2 HPO 4 , pH 10.5, except for the exclusion of the dyes (Salva et al., 1997) . The cells were removed by spinning, and the supernatant that contained the enzyme was assayed by CD-trichloroethylene (TCE) complex precipitation (Nomoto et al., 1984) . The enzyme was successively diluted twice in sodium tetraborate buffer 50 mM, pH 8.5 to adjust the enzyme concentration from (1:2) to (1:2) n dilutions. The enzyme was incubated in the same buffer containing 2% soluble starch at 50 °C for 48 h. The activity of the resulting CGTase varied from 2 2 to 2 10 dilutions. The culture was selected with a maximum CD-TCE activity of 1:2 10 dilutions.
Enzyme assay: Dextrinizing activity was assayed using soluble corn starch as substrate and by measurement of the decrease in iodine-staining power (Salva et al., 1997) . The reaction medium contained 0.1 ml of the enzyme solution, 0.5 ml of 1% starch solution, 0.4 ml of 0.1 M citrate buffer, pH 6.0, and incubated in a water-bath at 50 °C for 10 min. The reaction terminated with 0.5 ml of 1M HCl. 0.1 ml of 4 mM iodine in 30 mM potassium iodide was added and then diluted to 10 ml with water. The starch-iodine complex absorption was read at 620 nm.
Enzyme purification: Enzyme solution (900 ml) was mixed with 3% starch and ammonium sulfate at 20% saturation at 4 °C for 60 min with gentle stirring. The CGTase that was adsorbed on to the starch was collected by centrifugation (4000 x g for 20 min at 4 °C) and washed twice with 10 mM phosphate buffer pH 7.0. The enzyme was extracted with a 1 mM solution of α-cyclodextrin in 10 mM phosphate buffer, pH 7.0, under mechanical stirring at 37 °C for 30 min. This material was centrifuged (27000 x g for 10 min at 4 °C) and the supernatant dialyzed during 18 h against 10 mM phosphate buffer, pH 7.0 at 4°C (Ferrarotti et al., 1996) .
Enzyme characterization: The enzyme activity was studied over the pH range of 4.5 -10.5, using the following buffers: 0. Bradford (1976) , using bovine serum albumin as standard.
RESULTS AND DISCUSSION
All the CGTase-producing strains (75) were identified as Bacillus firmus by microscopy and biochemical tests, according to Sneath et al. (1986) . The isolated strains were motile, rod shaped gram positive, and formed spores. They were aerobic, +ve for catalase, -ve for Voges-Proskauer test, +ve for starch, -ve for citrate, +ve for gelatin, gave rise to normal growth in a medium containing 2 -5% NaCl, produce indol, -ve for production of H 2 S and urease, and did not ferment L-arabinose and D-xylose. The CGTase activity was assayed by the method of Nomoto et al. (1984) as the relative amount of cyclodextrin-trichloroethylene complex that precipitated. The activity of CGTase varied from 2 2 to 2 10 dilutions for all strains. The effect of pH on CGTase activity was analyzed over the pH range of 4.5-10.5, under standard conditions (Fig. 1) . Maximum enzyme activity occurred at pH 5.5 and 8.5. At pH 8.5, the enzyme activity was slightly higher than at pH 5.5. This was also shown by Salva et al., (1997) with Bacillus circulans. A relatively single broad peak of optimum pH activity has been reported by other authors (Larsen et al., 1998; Liebl et al., 1992; Yong et al., 1996; Yim et al., 1997) suggested a different degree of ionization of the enzyme catalytic site in order to produce the different cyclodextrins. The temperature optimum for the CGTase from Bacillus firmus was at ~ 60°C. Values have been reported over a broad range of temperature between 45°C and 70°C (Liebl et al., 1992; Sabioni and Park, 1992a,b; Salva et al., 1997; Yim et al., 1997) . The thermodynamic parameter for activation energy, as calculated from Arrhenius equation, was 8.27 kcal.mol -1 (Fig. 2) . . The effect of metal ions on CGTase activity seems to depend on the enzyme source (Fujita et al., 1990; Yim et al., 1997; Sabioni and Park, 1992b) . Attempts to purify the enzyme by chromatography on DEAE-cellulose were unsuccessful. Table 2 showed that there was a loss of 50% of enzyme activity during purification. Larsen et al. (1998) observed a loss of 67% of enzyme activity due to the ammonium sulfate precipitation step. Comparable losses were shown by Ferraroti et al. (1966) (66%) and Salva et al. (1997) (50%) . These results suggested that the ammonium sulfate precipitation step should be avoided in the purification scheme. 
RESUMO

